Introduction
Enzyme-linked immunosorbent assay (ELISA) and other immunoassays have been widely used for semi-quantitative or quantitative analysis of food hazards, such as antibiotic and pesticide residues. These techniques exploit the antigen-antibody interaction; therefore, they usually exhibit satisfactory specificity, sensitivity, and simplicity, which make them particularly suitable for routine screening of a large number of samples (1) (2) (3) . However, a fundamental problem with immunoassays is that the complex components in the food matrix may interfere with the determination and result in dramatically reduced accuracy and precision, which is usually called the "matrix effect," and they greatly limit the real application of these techniques (4) (5) (6) (7) . Numerous studies have reported such phenomenon in immunoassays for antibiotics, pesticides, and other chemical residues, for example, quinolone antibiotics (7-9), testosterone (10) , and 2,4-dichlorophenoxyacetic acid (11) . Moreover, in these studies, various foods such as beef, pork, marine products, eggs, fruits, vegetables, and tea are included. In brief, interference of the food matrix with immunoassay is a common phenomenon and could have severe effects such as wrong measurement and false negative or positive results. However, interfering components in foods are still far from being well understood.
Biological matrix, however, is usually a complex mixture of different components, including proteins, lipids, carbohydrates, salts, and other materials. Among these components, proteins have been revealed to play an important role in the matrix effect in immunoassays. Some proteins were reported to have non-specific interaction with various matrixes. For example, serum proteins could bind to analytes or the microplate surface (12) and allergens from codfish could bind with the monoclonal anti-parvalbumin antibody (13) . In our previous study (14, 17) , a significant interference (p<0.05) with the immunoassay of norfloxacin was observed in the presence of flatfish matrix, and two protein components with approximate molecular weight of 42 and 36 kD, respectively, were demonstrated to effectively interact with the IgG reagents used in ELISA; therefore, they were assumed to contribute to the matrix effect investigated. However, the physical, chemical, and biological properties of the proteins are still very limited. Thus, it is vital to develop reasonable and effective approaches for the elimination of matrix interference in various foods.
In this study, two proteins, which have been proved to interfere
Purification of the matrix interference-inducing proteins The crude protein extract of flounder was prepared according to our previous study (14) . Fractional precipitation of proteins by ammonium sulfate was performed according to the method described by Simpson (15) . Ammonium sulfate was slowly added into 7 groups of protein extract up to 200, 300, 400, 500, 600, 700, and 800 g/kg saturation at room temperature followed by stirring for 60 min. Then, the supernatants of each group were decanted and ammonium sulfate was slowly added again to achieve a higher concentration of 300, 400, 500, 600, 700, 800, and 900 g/kg followed by stirring for 60 min. The precipitated protein (200-300, 300-400, 400-500, 500-600, 600-700, 700-800, and 800-900 g/kg) was collected by centrifuge for 15 min (4,132× g), resuspended in phosphate buffer saline (with an ionic strength value of 0.02, pH 7.4, PBS), dialyzed against PBS at 4 o C for 36 h, freeze-dried, and stored at 4 o C for further use. During the dialysis, the concentration of PBS was reduced by one every 12 h. The constituents of protein fractions as well as their molecular weights were identified by SDS-PAGE according to the procedure described by Wang et al. (14) under the denatured condition.
The prepared solution was further purified by anion exchange chromatography. DEAE Sepharose-CL6B (GE Healthcare Life Science, China) was loaded onto the column (ϕ1.6×20 cm) and preequilibrated with Tris-HCl buffer (three times of the column volume, pH=8.5, 20 mmol/L) at a flow rate of 0.5 mL/min. Then, 2 mL of the solution (containing ~20 mg proteins) was added and eluted with Tris-HCl buffer. The bound proteins were eluted with Tris-HCl buffer (pH=8.5, 20 mmol/L, containing 0.5 mol/L NaCl) and collected according to the absorbance at 280 nm, respectively. The chromatography curve was recorded by protein/nuclear acid purification software from Shanghai Huxi Biotechnology Co., Ltd. (Shanghai, China).The molecular weight of the collected proteins was identified by SDS-PAGE recorded by HP Scanjet G4050.
The protein concentration of the crude flounder extract was determined by the Bradford method. The relative content analysis of the protein fractions isolated by SDS-PAGE was performed using the Tanon Gel Image System 1D analysis software (Tanon Science & Technology Co., Ltd.).
ELISA procedures A stocking solution of norfloxacin standard (0.1 g/kg from the test kits) was serially diluted with PBS and the two purified protein solutions. Then, the samples were determined by a ci-ELISA, which was performed with commercial fluoroquinolones ELISA test kits (Qinbang Biotechnology Co., Ltd.) according to the manufacturer's instructions. The absorbance value of each well at 450 nm was determined with a plate reader (Multiskan MK3; Thermo Labsystems Co., Ltd., Shanghai, China). Blank controls were prepared in the same way, except that PBS was used to replace norfloxacin solutions. Absorbance values with and without norfloxacin were recorded as A and A 0 , respectively, and the inhibition ratio was calculated as follows:
Western blotting procedures Western blotting was performed according to the procedures described before (14) . The PVDF membrane was blocked by 50 g/kg defatted milk (in PBS containing 1 g/kg Tween 20, PBST) and then washed with PBST three times (5 min for each time), followed by incubation in the HRP labeled goat antirabbit IgG for an hour. Subsequently, the membrane was washed with PBST three times again (5 min for each time) and immersed in the Pierce@ ECL (enhanced chemiluminescence) Western Blotting Substrate solution (Thermo Fisher Scientific) at room temperature for 1 min. Finally, the membrane was exposed in a darkroom, and the image was recorded using the Tanon180 Gel imaging system (Tanon Science & Technology Co., Ltd.).
Analysis of biochemical properties of the purified proteins Two-dimensional electrophoresis: The two-dimensional electrophoresis was performed according to procedures described by Liu (16) . Approximately 2 mg of purified proteins were dissolved in 2 mL PBS and then 24 μL of the mixture were diluted to 250 μL using a hydration loading buffer (containing 4.2 g urea, 1.52 g thiocarbamide, 0.4 g CHAPS, and 10 μL 100 g/kg bromophenol blue dissolved in 10 mL water) and used for rehydration of the IPG dry strip (Ready Strip IPG Strips, with pH value of 3-10, 7 cm, Bio-Rad Laboratories Ltd.). The first-dimension isoelectric focusing (IEF) was performed on an immobilized pH gradient using a Bio-Rad IEF machine. The second dimension (SDS-PAGE) was performed according to the procedure described by Wang et al. (14) under the denatured condition, except that the stacking gels contained 0.5 g agarose, 0.303 g Tris, 1.44 g glycine, 1 mL 100 g/kg SDS, and 100 μL 100 g/kg bromophenol blue in 100 mL solution. Analysis of the thermo, pH, and salt stability of the protein components: Purified proteins were dissolved in PBS and the concentration was adjusted to 1 mg/mL (determined by the Bradford method). For the analysis of thermo stability, 3 mL protein solutions were put in a centrifuge tube (5 mL) and then immersed in a water bath at 30, 40, 50, 60, 70, 80, and 90 o C for 20 min, respectively, followed by centrifugation at 4,132× g for 15 min. For the analysis of pH stability, HCl (1 mol/L) or NaOH (1 mol/L) was added to 20 mL protein solutions dropwise to reach a pH value of 3.0, 4.0, 5.0, 6.0, 7.0, 9.0, and 11.0, respectively, and then maintained at room temperature for 20 min with continuous agitation, followed by centrifugation at 4,132× g for 15 min. For the analysis of salt stability, NaCl was gradually added to 20 mL protein solutions to reach the ion strength of 0.2, 0.4, 0.6, 0.8, and 1.0 mol/L, respectively, and then maintained at room temperature for 20 min with continuous agitation, followed by centrifugation at 4,132× g for 15 min. After the treatments, the supernatant of each sample was collected and examined by SDS-PAGE, as described before.
LC-MS/MS analysis of the two proteins
The purified proteins bands in the SDS-PAGE gel were manually excised and ground into pieces. Washing solution (500 g/kg acetonitrile and 25 mmol/L NH 4 HCO 3 ) was added to the gel and maintained for 10 min. Then, the washing solution was discarded and the washing procedure was repeated. Acetonitrile was added to the gel for dehydration until it turned white and the acetonitrile was vacuum dried. The pieces were reduced with 10 mmol/L DTT for 1 h at 56 o C and alkylated with 55 mmol/L iodoacetamide for 45 min in the dark at 25 o C. Furthermore, the pieces of protein bands were dried and digested with 0.1 μg of trypsin overnight at 37 o C, and 1 g/kg TFA was added to terminate the reaction. Then, the sample was analyzed by LC-MS/MS. The software Mascot search engine (Mascot 2.3.01.) was used for the identification of the major protein using the NCBI non-redundant database 20110323 (13,366,630 sequences; 4,577,707,277 residues).
Considering the database searching results, the aldolase activity of proteins was determined by the commercial kit (Haling Biotechnology Co., Ltd.) according to the manufacturer's instructions wherein the aldolase activity was determined by measuring the decrease in absorbance per minute at 340 nm with fructose 1,6-bisphosphate as a substrate in an assay coupled to Nicotinamide Adenine Dinucleotide Hydrogen (NADH) oxidation by glycerol-3-phosphate dehydrogenase.
Statistical analysis All experiments were performed at least in duplicate, and the data were expressed as mean±SEM, unless indicated otherwise. Data were subjected to analysis using SPSS 11.0 software (SPSS Inc., Chicago, IL, USA). The significant differences among the groups were tested by one way analysis of variance (ANOVA) and multiple comparisons. Differences were considered significant at p<0.05. Figures were prepared with Origin Pro 7.5 software (OriginLab, Northampton, MA, USA).
Results and Discussion
Purification and identification of the interference-inducing proteins After ammonium sulfate fractionation, the two target proteins in flounder (with molecular weight of 42 and 36 kD, respectively) were mainly collected in the sediment of 400-600 and 700-900 g/kg (ammonium sulfate saturation), respectively (Fig. 1A) . Although the overall purity of the two targets was still poor, they were successfully separated from each other during the process.
Further purifications were performed by DEAE sepharose-CL6B ion exchange chromatography. However, the results indicated that the target proteins could not bind with the gel. Thus, they were eluted with the equilibration buffer ( Fig. 1C and 1D (f1) ) whereas other proteins were combined to the gel and then eluted with 0.5 mol/L NaCl ( Fig. 1C and 1D (f2) ). After such a treatment, the two proteins were isolated from most of their co-components, which could be validated by the satisfactory electrophoretic purity in SDS-PAGE ( Fig. 1E and 1F) . In a previous study, the phenomenon that proteins from different kinds of aquatic products could interfere ELISA of quinolone by interacting different antibodies with enzyme labels had been indicated by western blotting (17) . Whereas, in the present study, two proteins of 36 and 42 kD from PO, having the same molecular weight as the previous study (17) , were purified. Here western blotting was also used to detect the interaction of purified proteins with enzyme-labeled antibody. The results showed that both the proteins demonstrated prominent interaction with HRP-labeled goat anti-rabbit IgG (Fig. 1B) . Therefore, such interaction property allowed us to preliminarily identify them as the target proteins reported in the previous study (17) interfering with immunoassays.
The total protein concentration of the crude flounder extract was determined as 23.45 mg/mL. Based on the relative analysis of the protein fractions isolated by SDS-PAGE, the two target protein components (42 and 36 kD) approximately accounted for 27.90 and 16.96% of the total protein contents, respectively (Table 1) . Therefore, in the next experiments to investigate their influences on ELISA, the concentration of purified 42 and 36 kD components were adjusted as 6.54 and 3.98 g/kg, respectively, to reach the same concentration as that in the crude extract.
The effect of purified proteins on the ELISA of norfloxacin The effect of purified proteins on immunoassays was further validated in the ci-ELISA of norfloxacin (Fig. 2) . In comparison to the control, a significant shift of the inhibition curve was demonstrated in crude fish matrix at the spiking level ranged from 0.5 to 2.0 μg/kg (p<0.05). (4) 300-400 g/kg ASS, (5) 400-500 g/kg ASS, (6) 500-600 g/kg ASS, (7) 600-700 g/kg ASS, (8) 700-800 g/kg ASS, (9) 800-900 g/kg ASS, and (10) protein relative content analysis. B: SDS-PAGE and western blotting analysis of protein fractions after purification by anion ion exchange chromatography. C, D: DEAE-Sepharose CL6B anion exchange chromatography of 400-600 g/kg ASS (C) and 700-900 g/kg ASS (D). E, F: SDS-PAGEof DEAE-Sepharose CL6B anion exchange chromatography result of 42 kD (E) and 36 kD (F). (f1, f2 represent protein peaks in C and D).
The presence of the 42 kD protein also led to significant deviation of the ELISA results (p<0.05). Nevertheless, the abundance of the 36 kD protein did not seem as much as that of the 42 kD protein. No significant difference was observed at the concentrations of 1.0 and 2.0 μg/kg compared with that of controls (p>0.05). This may be attributed to the relatively lower concentration of the 36 kD protein, as well as its poorer ability to interact with antibodies that could be illustrated by the results of western blotting (Fig. 1E) . Overall, the two proteins contributed to most of the matrix interference to the ELISA. Although the effects of aquatic matrix on the immunoassay had been demonstrated in previous studies (14, 17) , the main interfering resources were still not clear. In the present study, two interfering proteins were purified and established as main sources to the matrix effect, which makes it necessary to explore the biochemical properties to further determine easy and convenient pretreatment methods. Moreover, the present results also demonstrated that apart from the two proteins, other sources of the matrix effect might contribute to the matrix effect. These possible factors may include some metal ions, as observed in previous studies (14) , or/and other watersoluble components such as parvalbumin.
Based on the results, the importance of the two proteins as the main sources of the matrix effect could be fully confirmed. They could nonspecifically bind to the antibodies and therefore decrease the number or/and the activity of the binding sites available for the analytes, which could then result in a deviation of the results and even "false positive" results (18) .
Biochemical properties of interference-inducing proteins For effective elimination of such interference and the establishment of reasonable pretreatments, the biochemical properties of the two interference-inducing proteins were further investigated and clarified.
By the two-dimensional electrophoresis (2-DE, Fig. 3A and 3B) , the molecular weight of the two proteins was demonstrated to be almost the same as that in the SDS-PAGE (Fig. 1E) . The pI value of both proteins was approximately calculated as 7.8. This is consistent with the results of isolation by DEAE sepharose-CL6B ion exchange wherein two proteins were unable to bind with the anionic groups at pH 8.5. Such a property seemed very different from most other sarcoplasmic proteins in flounder and might be closely related with their ability to interact with immunoglobulin and interfere with the immunoassays, as investigated.
Within the pH range of 6-11, the 42 kD protein exhibited excellent stability; however, under the pH value of 5, its solubility remarkably decreased ( Fig. 3C and 3D) . Moreover, the protein demonstrated a relatively poor activity to bind with IgG when exposed to alkaline conditions (pH value of 10 and 11). For the 36 kD protein, the change in pH conditions exhibited no evident effect on its solubility as well as its ability to interact with IgG, which indicated possible interference with immunoassays having different buffers for the extraction of analytes.
Both the proteins were stable at 20 and 40 (Fig. 3E) . With regard to salt stability, within the concentration of NaCl ranging from 0.2 to 1.0 mol/L, no significant difference was observed on the stability of the two proteins as well as their IgG-binding activity ( Fig. 3F and 3G ).
LC-MS/MS identification of the two purified proteins
The target proteins were digested with trypsin and then the peptide mixture was analyzed by LC-MS/MS. The parameters used for database search are shown in Table 2 . The results (Fig. 4) indicate that the sequence coverage of the 36 kD protein (A) with fructose-bisphosphate aldolase A of Oryzias latipes was 56% and the sequence coverage of the 42 kD protein (B) with fructose-bisphosphate aldolase A of Danio rerio was 48%. The peptides of the two proteins matching with fructose-bisphosphate aldolase A were not shown. For other sarcoplasmic proteins in the database, the calculated sequence coverage was lower than 28%.
For further verification of the results, the aldolase activity of the purified proteins and crude protein extracts was determined (Fig. 5) .
The results showed that in the crude protein extracts, the 42 and 36 kD isolates demonstrated significant aldolase activity (p<0.05), evidenced by the decreased absorbance at 340 nm (A ) from 0 to 10 min. For the crude protein extracts and the 42 kD isolate (Fig. 5A and 5B), the A isolate (Fig. 5C ), the A 3 4 0 decreased significantly from 0 to 1 min (p<0.05) and showed no significant difference between 1-10 min (p>0.05). The reason might be that the enzyme kinetics of the two proteins were different owing to the amino acid sequences and secondary structures, and the isolation and purification of the protein might also affect the enzyme activity. For example, previous reports (19) showed that the ammonium sulfate fraction could decrease the aldolase activity by more than 70%. Thus, we still could not exclude the possibility of the 36 kD isolate as aldolase. In the future, we will investigate this possibility more carefully.
The speculation of the two interference-inducing proteins as aldolase could also be supported by many relevant studies. Fructosebisphosphate aldolase (often called as aldolase) is an enzyme, catalyzing a reversible reaction that splits the aldol, fructose 1,6-bisphosphate, into the triose phosphates dihydroxyacetone phosphate (DHAP) and glyceraldehyde 3-phosphate (GAP) (20) . Aldolase was reported as one of the major sarcoplasmic proteins in a number of fish species (19) , and it is highly abundant in the cytosol where glycolysis generally occurs (20, 21) . This is consistent with our results that the two target proteins were the main components of the flounder sarcoplasmic proteins. Besides, the pI value of the two aldolase enzymes was calculated as 8.09 and 8.45, respectively (Fig.  4) , which is quite consistent with our result (pI 7.8) based on 2-DE analysis. The nominal mass of the two enzymes was calculated as 36501 and 40228, respectively, and it is also in agreement with our SDS-PAGE results of the two interfering proteins (with molecular weight of 36 and 42 kD, respectively). Besides, the purification procedures of the aldolase in the muscle of red sea bream, Pacific mackerel, and carp were almost the same as that used for the isolation of interference-inducing proteins in this study; the proteins were precipitated by ammonium sulfate fractionation followed by ion-exchange column chromatography (19) . Interestingly, the enzyme of red sea bream could not adsorb to the DEAE-cellulose column, either (19) , which is similar to our results. Moreover, aldolases were revealed to have interaction with various proteins such as F-actin, α-tubulin, light chain 8 of dynein, Wiskott-Aldrich syndrome protein, the anion exchanger Band 3, phospholipase D2, transmembrane adhesive proteins, and even the glucose transporter GLUT4 (21) . The aldolases were also demonstrated to interact with cytoskeletal proteins, in particular, F-actin in human, rabbit, fish, and possibly fruit fly (22) . Besides, aldolases were identified as important allergens in some fishes like cod, salmon, and tuna (23) . Such extensive interactions of aldolase might be explained by the structure of aldolases and for different proteins, the molecular basis might be different. For example, 4 residues in aldolases, including Lys-107, Arg-148, Lys-229, and near (Arg-42) were responsible for the interaction between aldolases and actin; all these 4 residues were basic amino acid, positively charged, and could form special secondary structure and bind to the acidic N-terminal region of actin (24) . Whereas, the mechanism of the interaction between sorting nexins 9 and aldolase was different. The C-terminal helix of low-complex region of the sorting nexins 9 is sandwiched between the C terminus and one of the peripheral α-helices of the aldolase triose-phosphate isomerasebarrel fold because the indole ring of Trp-169 of sorting nexins 9 was accommodated within a hydrophobic pocket generated by the side chains of aldolase residues Arg-42 and Arg-303 (21) . These reports demonstrated that aldolase could participate in many biological processes; thus, it might have the potential to interact with substances of the immunoassay such as antibody, or maybe some antigens.
Considering the multi functions of the aldolase and its prevalence in muscles, such matrix protein-induced interference may affect the immunoassay of various aquatic products as well as other foods containing such aquatic components. Therefore, the interference would result in reduced accuracy and sensibility of the analysis. Moreover, the potential interaction between these proteins and polyclonal antibodies might also affect the identification of seafood allergens and function and cellular localization study of some proteins in aquatic products. Thus, sufficient attention should be paid to effectively remove these interference-inducing components, which indicates that the pretreatment of samples should be reasonably designed based on the physical and chemical properties of these proteins.
Suggestions for sample pretreatment to eliminate the matrix interference The biochemical properties of the two interfering proteins mentioned above were closely related with the pretreatments of immunoassay. The adjustment of ion strength seemed to have no significant effect on the elimination of interference-inducing proteins in flounder, and the increased ion strength and concentration of some metal ions may contribute as another source of interference (14) . Therefore, the presence of ions in the sample extracts should be diminished as much as possible. Low pH values (especially under 5) seemed able to eliminate part of the matrix effects by precipitation of the 42 kD protein, but the interference from the 36 kD protein was still present. Our previous study (25) investigated the effect of 5-sulfosalicylic acid dehydrate on these interfering proteins, and they could be evidently precipitated. Moreover, an appropriate concentration of 5-sulfosalicylic acid dehydrate, such as 2%, was demonstrated to have little influence on ELISA performance. However, some studies indicate that acid solvents could sometimes result in the poor recovery of some chemical residues in foods, and the introduction of acid groups may cause additional disturbance to the immunoassay (26) . Therefore, acid pretreat method could be selectively adopted with optimized conditions. Some previous studies have reported the ability of heat treatment to reduce the matrix effect in the immunoassay of milk and other food samples (27, 28) . Here, the relatively poor stability of the two proteins at temperatures over 60 proteins in various fishes also demonstrated a sharp decrease in solubility with increase in temperature (30) , except some high stable proteins such as tropomyosin or parvalbumin (31) , such a pretreatment might be possibly applied for the immunoassay of different fishery products, in particular, for the analysis of thermal stable chemical residues.
